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AN AUTOMATIC STOP /START CONTROLLER 
FOR AN ENGINE 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application is related to the following 

copending applications: (1) Serial No. 

filed concurrently herewith, and titled "AUTOMATIC 
STOP/START CONTROLLER FOR ENGINE" (Atty. Ref.: Saigoh 

C-305); (2) Serial No. filed 

concurrently herewith, and titled "AUTOMATIC STOP/START 
CONTROLLER FOR ENGINE" (Atty. Ref.: Saigoh C-306); and 

(3) Serial No. filed concurrently 

herewith, and titled "AUTOMATIC STOP/START CONTROLLER FOR 
ENGINE" (Atty. Ref.: Saigoh C-307), the entire 
disclosures of which are herein incorporated by reference. 

FIELD OF THE INVENTION 
[0002] This invention relates to a start controller 
for a vehicle to permit an engine to automatically stop 
and restart, and more particularly to an automatic 
stop/start controller for the engine, without an 
electrically powered pump that generates oil pressure for 
an automatic transmission at engine stop. This automatic 
stop/start controller controls the engine to start while 
reducing shock resulting from the engine at automatic 
restart . 

BACKGROUND OF THE INVENTION 
[0003] Some vehicles are provided with automatic 
stop/start controllers so as to reduce fuel consumption 
by the vehicles' engines. The automatic stop/start 
controller automatically stops the engine when an 
automatic stop condition, e.g., an accelerator pedal is 
not depressed while the engine is operating, is satisfied, 
and automatically starts the engine when an automatic 
start condition, e.g., the start operation occurs while 
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the engine is automatically stopped, is satisfied. (See 
JP Laid-Open No. 2002-106380.) 

[0004] As regards a conventional automatic stop/start 
controller for the engine, it is present in the vehicle 
to permit the engine to automatically stop and restart to 
enhance fuel economy. 

[0005] In a conventional vehicle provided with an 
automatic transmission, an electrically-powered pump 
generates an oil pressure while the engine is 
automatically stopped, and is controlled to maintain low 
pressure during automatic engine stop and high pressure 
at engine restart. Thus, the required oil pressure is 
maintained while restricting electric power consumed by 
the electrical pump. 

[0006] Although the power consumption is minimized to 
maintain low pressure during automatic engine stop, the 
electrical pump continuously consumes electric power 
during automatic engine stop. There is thus still room 
for improvement in fuel consumption. 

[0007] If the electric pump is eliminated, the fuel 
economy is improved by eliminating the electric power 
consumed by the electric pump. However, the oil pressure 
cannot be maintained during the automatic engine stop, so 
that the oil pressure is then generated at engine restart 
and delays occur until frictional engaging elements in 
the automatic transmission are engaged. 
[0008] As a result, if the accelerator pedal is 
depressed before the frictional engaging elements are 
engaged, the engaging elements will be engaged after the 
engine speed is increased sharply. This causes shock at 
engagement of the elements, or deteriorates the 
durability of the automatic transmission. 
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SUMMARY OF THE INVENTION 
[0009] In order to obviate or minimize the above- 
mentioned inconveniences, the present invention provides 
an automatic stop/start controller for a vehicle having 
an engine, an electric motor to drive the engine, and an 
automatic transmission. The automatic stop/start 
controller permits the engine to stop or start without 
operation of an ignition key. The controller, in a 
situation where the engine is started without the 
operation of the ignition key, starts fuel supply to the 
engine after the engine is started by the electric motor 
and when (after) it is determined that frictional 
engaging elements of the automatic transmission are 
engaged. 

[0010] According to the present invention, at restart 
of the engine without the operation of the ignition key, 
the fuel is supplied to the engine after it is determined 
that the frictional engaging elements of the automatic 
transmission are engaged. Even without an electric pump 
for oil pressure generation to control the automatic 
transmission, the present invention not only reduces fuel 
consumption and shock at restart of the engine, but also 
improves the durability of the automatic transmission. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] The present invention is described in specific 
detail as follows with reference to the Figures wherein: 
[0012] Figure 1 is a flowchart showing a control of an 
automatic stop/start controller for an engine according 
to an embodiment of the present invention. 
[0013] Figure 2 is a schematic diagram showing the 
automatic stop/start controller for the engine. 
[0014] Figure 3 is a block diagram showing control of 
a controller. 
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[0015] Figure 4 is a timing chart for the automatic 
stop/start controller for the engine. 

[0016] Figure 5 is a table for calculating the motor 
torque. 

DETAILED DESCRIPTION 
[0017] Figures 1-5 illustrate an embodiment of the 
present invention . 

[0018] Figure 2 shows an internal combustion engine 2 
mounted on, e.g., a hybrid vehicle (not shown). The 
engine 2 is controlled by an automatic stop/start 
controller so as to be stopped or started without 
operation of an ignition key (not shown). 
[0019] The engine 2 on the hybrid vehicle (not shown) 
is directly connected to an electric motor (hereinafter 
referred to as "motor"). The motor 4 is connected to an 
automatic transmission 8 equipped with a torque converter 
6. 

[0020] The motor 4 can drive the engine 2, and 
performs the functions of power generating and of 
assisting the engine at least during running of the 
vehicle. 

[0021] The automatic transmission 8 is a conventional 
transmission that can change speeds by an oil pressure 
control . 

[0022] The automatic transmission 8 is connected to a 
conventional differential 10 which is connected with 
driving wheels 14 through a driving shaft 12. 
[0023] The motor 4 is connected to a battery 18 
through an inverter 16, and the engine 2 is provided with 
a fuel injector 20. 

[0024] Further, the inverter 16 and the fuel injector 
20 are connected to a controller 22. The controller 22 
is connected to various sensors and switches, i.e., a 
vehicle speed sensor 24 to detect the vehicle speed, an 
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engine speed sensor 2 6 to detect engine speed, a turbine 
speed sensor to detect rotational speed of a turbine (not 
shown) of the torque converter 6, a throttle sensor 3 0 to 
detect opening degree of a throttle, a brake switch 32 to 
detect whether a brake pedal (not shown) is depressed, 
and a (not shown) shift lever position switch 34 to 
detect location of a transmission shift lever. 
[0025] In the automatic stop/start controller for the 
engine, without an electric pump to generate the oil 
pressure in the automatic transmission 8 at engine stop, 
at start of the engine 2 without the ignition key 
operation, the controller 22 is configured to function to 
start supplying fuel to the engine 2 when a difference 
between the engine speed and the turbine rotational speed 
(turbine speed) of the automatic transmission 8 is 
greater than a predetermined "reference speed for engage 
determination" (i.e. a threshold for determination of the 
engagement) after the engine 2 is driven by the motor 4. 
[0026] Also, the controller 22 performs the added 
function of decreasing the generated torque (motor 
torque) by the electric motor 4 when the elapsed time 
from the beginning of the fuel supply is longer than a 
predetermined "reference time to determine to start 
torque decrease", 

[0027] Further, the controller 22 performs the 
additional function of determining, from the speed 
difference between input and output rotational speeds of 
the torque converter 6, whether the frictional engaging 
elements of the torque converter are engaged. 
[0028] More particularly, in the automatic stop/start 
controller for the engine, without the electric pump to 
generate oil pressure for the automatic transmission 8 
during the engine stop, the fuel supply to the engine 2 
begins after it is determined, from the speed difference 
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between the input and output rotational speeds of the 
torque converter 6, whether the frictional engaging 
elements of the automatic transmission 8 are engaged at 
automatic restart of the engine. Then the generated 
torque by the motor 4 is decreased after the fuel supply 
begins and the engine 2 can output torque. 
[0029] The control of the controller 22 is explained 
as follows with reference to Figure 3. 

[0030] At first, an engage determination process "A" 
calculates a speed difference and determines engagement. 
More particularly, the speed difference is calculated by 
subtracting the turbine speed from the engine speed, 
which turbine speed is detected by the turbine torque 
sensor 2 8 on the output side of the torque converter 6, 
and engine speed is detected by the engine speed sensor 
26 on the input side of the torque converter 6. Also the 
engagement of the elements is determined by comparing the 
calculated speed difference with the predetermined 
reference speed for engage determination (see Figure 4). 
Then, a process "B" is performed to determine whether the 
fuel is permitted to be supplied to the injector 20, 
followed by an injector drive time calculating process. 
[0031] According to the engine speed output from the 
engine speed sensor 26 and an output signal from the fuel 
supply permission determination process "B" , a motor 
torque calculating process "C" is performed to calculate 
a torque order value by using a table for calculating 
motor torque as shown in Figure 5. 
[0032] The operation of the embodiment of the 
invention is described as follows with reference to a 
control flowchart in Figure 1 for use in the automatic 
stop/start controller for the vehicle engine. 
[0033] When a program for the automatic stop/start 
controller 22 starts at step 102, it starts to receive 

6 



the output signals from the various sensors such as the 
engine speed sensor 26 and the various switches such as 
the brake switch 32 at step 104. 

[0034] By comparing the speed difference between the 
input and output rotational speeds of the torque 
converter 6 (i.e., the rotational speed difference 
calculated by subtracting the turbine speed from the 
engine speed) with the predetermined reference speed for 
engage determination, that is, by using the equation 
"engine speed - turbine rotational speed > the reference 
speed for engage determination", it is determined whether 
the speed difference is greater than the reference speed 
for engage determination at step 106. 

[0035] If the determination at step 106 is "YES", then 
the fuel supply to the injector 20 is permitted. If the 
determination at step 106 is "NO", then the fuel supply 
to the injector 20 is prevented. 

[0036] After the fuel supply to the injector 20 is 
permitted to begin at step 108, a determination is made 
at step 112 whether the elapsed time from the beginning 
of the fuel supply is longer than the reference time to 
start torque decrease, that is, whether the reference 
time to start torque decrease (see Figure 4) has elapsed 
from the beginning of the fuel supply. If the 
determination at step 112 is "YES", then the motor torque 
is decreased (see Figure 4) at step 114 and the program 
goes to a return process at step 118. 
[0037] If the fuel supply to the injector 20 is 
prevented at step 110, or if the determination at step 
112 is "NO", the motor torque is calculated at step 116 
with reference to the table of Figure 5, and the program 
goes to the return process at step 118. 
[0038] Thereby, at restart of the engine without 
operation of the ignition key, the engine 2 is supplied 
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with the fuel after it is determined that the frictional 
engaging elements of the automatic transmission 8 are 
engaged. This eliminates the electric pump for oil 
pressure generation to control the automatic transmission, 
which reduces not only the shock at restart of the engine 
and fuel consumption, and also improves the durability of 
the automatic transmission. 

[0039] Also, the control means 22 performs the added 
function that decreases the generated torque (motor 
torque) by the electric motor 4 when the elapsed time 
from the beginning of the fuel supply is longer than the 
predetermined reference time to start torque decrease. 
This increases the engine torque smoothly at restart of 
the engine, which is advantageous in practical use. 
[0040] Further, without an additional sensor, the 
engagement of the frictional engaging elements is 
determined by the speed difference between the input and 
output rotational speeds of the torque converter 6. This 
maintains the system simple and avoids cost increase, 
which is advantageous from an economical view point. 
[0041] The present invention is not limited to the 
above-mentioned embodiment, but is adaptable for various 
applications and variations or modifications. 
[0042] In the above-mentioned embodiment, the 
engagement of the frictional engaging elements is 
determined by the speed difference between the engine 
speed and the turbine rotational speed of the automatic 
transmission. However, other factor can be employed for 
this determination. That is, the engine speed can be 
estimated from the electric power by the battery, so that 
the electric power from the battery can be employed for 
the factor instead of the engine speed. 

[0043] In addition, the precision of the determination 
of the engagement can be improved by considering the 
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percentage of change in the turbine rotational speed 
close to the reference speed for engage determination. 
[0044] As thus described, the present invention 
provides an automatic stop/start controller for a vehicle 
engine, an electric motor to drive the engine, and an 
automatic transmission. The automatic stop/start 
controller permits the engine to stop or start without 
operation of an ignition key. The controller starts fuel 
supply to the engine after the engine is started by the 
electric motor and when it is determined that frictional 
engaging elements of the automatic transmission are 
engaged, in a case where the engine is started without 
the operation of the ignition key. Even without an 
electric pump for oil pressure generation to control the 
automatic transmission, the present invention reduces 
fuel consumption and shock at restart of the engine, and 
also improves the durability of the automatic 
transmission. 

[0045] Although a particular preferred embodiment of 
the invention has been disclosed in detail for 
illustrative purposes, it will be recognized that 
variations or modifications of the disclosed apparatus, 
including the rearrangement of parts, lie within the 
scope of the present invention. 
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